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the fusion of ventral canai. cell and egg 

IN SPHAGNUM SUBSECUNDUM 
Geo. S. Rry.^n 

111 a previous paper (i) the writer has followed in detail the (lovclopment 
of the ardiegoniumof Sphagnum^ subsccnndtm Xees. At that time Iho state- 
ment was made: “Usually just before fertilization the \entral canal nucleus 
disintegrates.” Ilowev-'r. in the early spring of 1917, while attempling to 
M-nrk out the details of fertilization, the interesting fact was unco\ ered that 
ill die species here studied the ventral canal cell quite often does not dis- 
integrate, but unites with the egg. It seems worth while, iherefore. to 
report the facts in detail. 

’ Material and Mi-itiiods 

The area from which the material came is a grassy Img of about 20 
acres near Mineral Springs, Indiana, 40 miles soutli of Chicago. In the 
summer and fall of 1912 this bog contained a sufficient amoimt of water to 
prevent fires from damaging the polsters of Sphagnum which were scattered 
throughout the bog. The material is probably dioecious, occurring gener- 
ally in well defined polsters of one sex or the other. In a few cases mixed 
polsfers were found, but in no instances were the sex organs found together 
in the same head or upon the same upright branch. The well defined dif- 
ferences in the appearance of male and female plants when the sex organs 
are approaching or have reached maturity have been stated in the previous 
paper, but will be repeated here for clearness. 

The heads of antheridial plants are decidedly globose and show variations 
in color from yellow-brown to red-brown and sometimes almost black. 
Dissection reveals antherldia most of which are apparently at or near 
maturity. The heads of archegonial branches arc less globose and have a 
SHJiTiewhat flattened aspect on top. There is no unusual coloring except in 
the conspicuous bud in the center of the head. This bud varies in color 
from yellow-brown to red-brown and stands out in sharp contrast to the 
other portions of the head. An analysis shows archegonia, some young, 
others almost mature, as terminal structures on short side branches very 
close to the apex of the main axis, the coloring matter being in the peri- 
[The Journal 0 >r May (7: 173-222) was issued June 16, 1920.) 
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chactial leaves surrounding the organs. Th&e well defined cha , 
made field work a very simple and easy matter once they were deter .lej 

In the latter part of November and during December, 1912, a 
survey of the hog was made, the best polstcrs being staked out wath - 
numbered stakes; one series for polsters of plants bearing only archi 
another for those bearing qnly antheridia; and a third series for tlii .^nas 
in which the sexes were mixed together, where it was hoped to secure ni . urial 
for a study of fertilization. Notes on field and laboratory obsei\ ,t,o„5 
were kept, and from them the following facts arc taken. 

By the end of November, 1912, the weather had become very coli;, the 
bog being frozen to the depth of several inches. Blocks of frozen |i|anis 
together with the frozen mud on which they W'ere growing were cut 011 1 with 
a hatchet and carried in to the laboratory for observation ancf (.tiidy. 
There the blocks of plants were transferred to glass jars containing seteral 
inches of water. These jars were kept partially covered with glass plites, 
A dissection of the material this same evening (November 28) showed the 
following condition: The deliiscenc* of several antheridia was observed, the 
antherozoids being quite active, but most of the antheridia had not reached 
maturity. Many of the archegonia appeared to be mature, but it was 
difficult to find one in which the cap had burst and the pathway was open 
for fertilization. The ventral canal cell and the egg could be easily seen in 
most of the archegonia. At this time of the year they stand out as fivo 
well defined balls of cytoplasm in the center of the archegonium. These 
rounded protoplasts arc frequently so clearly defined in the living material 
that they can be accurately measured with an ocular micrometer, The 
same is also true of the nucleus of each protoplast. 

For the study of details a considerable amount of material was killed in 
a fluid made up as follows ; 


Chromic acid crystals i g- 

Glacial acetic acid i cc. 

Water ^oo cc. 


The following method was employed. Using a pair of forceps with sharp, 
slender points, the colored buds were snipped quickly and easily out of 
each head, and were either transferred immediately to the killing fluid, or, 
if too many sterile branches were included, the latter were cut away in 
water under a dissecting microscope, using needles for the purpose, and the 
bud was then put into the killing fluid. The numerous very short side 
branches bearing archegonia form a firm, compact bud which may be handled 
by this method without the slightest injury to the archegonia, which latter 
are well protected by the perichaetial leaves closely investing them. 

During the period from December i to December 6 there were warm 
gentle rains. On the 6th a cold wave arrived, again freezing the bog. 
For the remainder of the month the weather was generally cold and diy 
with little snow. On December 26 a considerable amount of fresh material 
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THE FUSION OF VENTRAL CANAL CELL AND Eoc. 

,,ght in from the field Tor further study. In general there was lit.lo 
,0 be observed m the sex organs. V’ery few of the an.heridia I , 
and only occasionally was an archegoniuin to be founil in whi 
hiul broken open. But in my notes there appears a fact inU resti g 
light of subsequent events. A number of eases were observe, n 
,he ventral canal cell had disappeared. .On this same evenine 
. mount- of material was kiUed chiefly i„ the above inentioneti flniii 
me method already described, and it is from this material tint the 
re recorded were obtained. The alcohol-xylol method of dehv.lr , 
.Old embedding m paraffin was used. The material wis cut p ' 
tininess on a rotary microtome. Safranin in combination with Ucht 
(,run, and Heidenham s iron-alum haeniatoxylin were used "is .s' lins 

It may be of interest to record briefly the further histoiy'of the'lKig and 
the nutenal. Events were closely followed. The summer of iqu was 
hot and very dry. The water level of the bog fell rapidiv in the earlv 
summer and was never regained. In the spring of 1914 this bog and (he 
niuntrv- for several miles about were comp*letely burned over by fires which 
fivcpt the region. The Sphagnum was badly damaged but not entirclv 
destroyed. However, subsequent fires seem to have completed the work 
„f destruction. The writer revisited the area in the early spring of m,, 
but was able to find only a few struggling plants where laefore there had 
been splendid polsters. 

Historical 


The appearance of the mature archegonium of Sphagnum seems first 
to have been described by Hofmeister (3), who represents a transverse 
ivall as separating the ventral canal cell and the egg. The former cell Is 
shown as smaller than the latter, this being especially true in comparing 
the protoplasts and the nuclei of the cells. The rounding oil of the two 
protopiasts is clearly pictured. 

A few years later Schimper (7) describes the “Keimzcllc'' of the fully 
developed archegonium as follows: “Diese sah ich hei Sphagnum immer 
«■ Oder umgekehrt birnformig, im letzteren Falle haiifig den oberen engeren 
Theil von dem unteren weiteren durch eine Querwand gesondert." In his 
hlate 9, figure 13, he shows an archegonium xvith the protoplasts of egg and 
venlral canal cell widely separate. No wall is pictured, though he speaks 

0 It m the text. Attention is called to the fact that the nuclei can be seen 

1 rough the cells of the venter of the living archegonium. In regard to the 
Ivamzclle” Schimper says further: 'Tcli fand selbst Keimzcllen, welche an 

>«<icn Enden eine Querwand zeigten (fig. 16).” Whether he observed 
tdrc^elled embryos, or the result of what occasionally occurs in Sphag- 
num the .subsequent division of cither the egg or the ventral canal cell- 
cannot be stated with certainty. That the three-celled structure is shown 

t ough dissected from the archegonium would lead one to suspect the 
tornier case. 



226 


GEORGE S. BRVAN' 


In 1872 Roze (6) draws very clearly (PI. I, fig. 8) in a mature 
nium of Sphagnum cymbifolium the rounded protoplasts of the vent ; cinj] 
cell and the egg, the latter being pictured as slightly larger than tin rmt, 
Roze calls the protoplasts “gonospheries ou globules germinatii ‘ 
refers to the two nuclei as "deux nuclcoles primaires.” . He speak ,,f 
persistence of the tw'O globules (protoplasts) which he says remai up 
fertilization, a condition that appears to be peculiar to Sphagnu ,, 
finds the same characteristics in the archegonia of Sphagnum subs: i,,/,,,,. 
and . 5 '. aculifolium as given above for 5 . cymbifolium. 

In 1887 Waklner (8), studying the development of the sporoi ' >tc pj 
Sphagnum, pictures (PI. II, fig. i), according to his explanation uf thr 
plates, a longitudinal section of a mature archegonium of Sphagmt-r uf,,/,'. 
folium Ehrh . The egg is shown as distinctly egg-shaped, occupies the wholt 
of the venter, and contains a large nucleus with a distinct nucleolus, 
fertilized egg is also pictured (PI. II, fig. 2), but since no adequate dcserip. 
tion is given of the details one is left in doubt as to the objects figured, 

In 1897 Gayet (2) describes the egg of a mature archegonium as a large 
elliptical cell, being elongated in the direction of the axis of the archegonium. 
The nucleus is almost spherical and possesses always two nucleoli. The 
■ventral canal cell is described and figured as biconvex. 

In 1915 the writer (l, pp. 48, 49) gave the following description oi 
events in the venter of a maturing archegonium: “The ventral canal nucleus 
produced by this division [i.e., of the ventral cell] is peculiar, being only a 
trifle smaller than the egg [nucleus]; and is remarkable in that it is regularly 
persistent and behaves for a time just as does the egg. Not long after the 
division into ventral canal cell and egg the canal row begins to disintegrate 
(this process having a variable beginning, though quite often acropetaly 
but not so the ventral canal cell. Its cytoplasm begins to condense about the 
nucleus (the same process occurring about the egg), and soon we have in a 
mature archegonium the appearance of two eggs separated by a wall 
Later the cytoplasm about each of these two nuclei becomes markedly 
condensed and rounded off and may be easily observed in the living matciial, 
Still later the wall between the two cells breaks down and the nuclei, each 
as the center of a ball of cytoplasm, come to lie near together in the venter 
of the archegonium. . . . Double venters (fig. 42), unequal division of the 
venter, the ventral canal nucleus larger than the egg (fig. 43), ventral canal 
nucleus the same size as the egg (fig. 44), and multiple eggs (fig. 45) are not 
of rare occurrence.” 

In 1916 Melin (5, pp. 300, 301) says: “ Das Resultat [i.e., of the division 
of the ventral cell] sind zw'ei Zellen die gewohnlich ungefahr gleich gross 
sind. Manchmal kann die obere, die ‘Bauchkanalzelle,’ etwas kleiner aln 
die unterc, die Eizelle, sein. Beidc runden sich bald ab, und wir cihallcs 
zwei kugelformige Zellen, die mor-phologisch so gleichartig sind, dass iiicmer 
Ansicht nach kaum eiii giltiger Grund besteht, sietiiit verschiedeneii Xaraen 
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t ichnen, weshalb ich sie beide Eizellen nenne. . . . Jcde der beJdoii 
I hat einen grossen ziemlich chromatinarmen Kern mit deutliehcm 
lus; der Kern ist von ungefahr gleichformigen Plasma unigcgeben. 
gall i-rschwindet die Zellwand zwischen ihncn, und sic licgen mm frei in 
: uchhohle.” 

•] . fusion of the ventral canal cell and the egg has been re|X)rtcd but 
; the Musci. In 1908 J. and \Y. Doctors van Leemven-Reijnvaan 
P ilished a remarkable article on the sexual process and spermatogenesis 
.e ral species of Polytrichum. Briefly stated their results arc as follows : 
jd 1; gametophyte generation there are six chromosomes, which is also 
ii iiuber in the cells of the antheridium. But in the linal division in the 
antii- ddiurn a reduction process takes place so that each anthcr(?zoid re- 
three chromosomes. In the archegonium the division of the ventral 
cell produces a ventral canal cell and an egg which are equal in size. During 
this (li\ ision a reduction process is also said to occur so that each of these 
cells receives three chromosomes. The protoplasts of the ventral canal 
cell and the egg fuse while the neck of the archegonium is stilUloscd. After 
the rap breaks open this fusion cell is fertilized by two anthcrozoids. 
In this manner the sporophytic chromosome number is restored. 

In 1913 Walker (9) published the results of his study on the behavior 
of the egg and the ventral canal cell in Polylrichum formosiim and P. com- 
nuive. More than one hundred archegonial rosettes were sectioned but 
no case of ^ fusion could be found. Walker thinks the appearance of fusion 
of the ventral canal cell and egg reported by the van Leeuwcn-Rcijnvaans 
is due to ihcir method of fixation. 

Devkloi’.mknt of Ventral Canal Cell .and Fa,v, 

The ventral cell of Sphagnum subsecundiim generally divides late into 
ventral canal cell and egg. The division of cells in the neck is almost if 
not quite complete when this division occurs. The ventral canal cell is 
not only persistent but remarkably varialde in size. As a very general 
statement one may say that this cell and its nucleus are a trifle smaller than 
the egg and the egg nucleus (figs. 2, 8). However, the exceptions are num- 
erous, Often the two are identical in size both as regards the protoplasts 
and the nuclei (figs. 3, 4), while more rarely the ventral canal coll is larger 
than the egg in both of these respects (fig. 9). 

Shortly after the division of the ventral cell the cells of the canal row 
begin to disintegrate, but this process has not as yet been found to affect 
the ventral canal cell. The protoplast of this cell begins to round oil, the 
same process having begun in the egg, the w'all between the two cells breaks 
flown, and we have the appearance of two well rounded eggs which soon 
come more or less in contact in the venter of the archegonium (figs. 3, 8, 9). 
About this time there may appear, especially in the upper portions of the 
'enter, more or less faintly staining bodies which probably take their origin 
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from the disintegrated canal cells above. Sometimes these bodie,^ , 
to the ventral canal cell (figs. 3, 8). A rare exception is shown in ■ 
in which a body from the neck has apparently joined itself to the pi np]^ ^ 
of the ventral canal cell. 

The Fusion of the Protoplasts 
As illustrated by figures 4, 5, and 6, the protoplasts unite coi 'c-ieK 
This fusion is followed later by the union of the nuclei. Unfortuii. . ly 
killing agent employed,- while giving excellent morphological resi,!i5 
little plasmolysis, is not very satisfactory from a cytological stai 
hence the details of chromatin behavior cannot be accurately o poi-teij 
In general the chromatin of the two nuclei appears to be more or ks-; 
mingled. There is no tendency for each mass to remain distinct. 

Every nucleus of Sphaptum subsectmdum which has been obserwd thu; 
far, with the exception of that of the fusion cell here described, whether it 
be of the gametophyte or of the sporophyte generation, is characterized bv 
one conspicuous well-rounded nucleolus. The fertilized egg may pro\-e an 
exception, since its nucleus has not been seen in a satisfactory preparation. 
The only other exception is to be found in this fusion nucleus. No case 
has yet been observed in which the two nucleoli of ventral canal cell and egg 
have united, though such a condition would seem perfectly possible. In .nil 
the casens so far obscrvcfl the fusion occurs while the neck of the arche- 
gonium is still closed. There is, therefore, no danger of mistaking this 
fusion nucleus for that of a fertilized egg. 

The Disintegr.\tion ok the Ventral Canal Cell 
In the material studied, clear cases of the disintegration of the ventral 
canal cell have been found a number of times. There is no doubt that the 
ventral canal cell frequently disintegrates; but a summary of the large num- 
ber of slides studied thus far shows that the number of cases of the union 
of the two cells about equals the number of cases in which it is certain that 
the ventral canal cell has disintegrated. In a large number of cases the 
ventral canal cell was still persistent and was more or less in contact uiili 
the egg, as illustrated in figure 3. Two cases were found in which the nu- 
cleus of the egg appeared to I3C dcgene.rating, while that of the ventral canal 
protoplast just above it was very clear, and sharply defined. 

Discussion 

It is evident from an examination of the literature quoted that the 
rounded appearance of the protoplasts of the mature archegonium is not 
due to the killing agent but is a condition which may be observed and even 
measured in living material. The average of a number of measurements ol 
the diameters of living protoplasts compared with a like average of killed 
and stained protoplasts shows that there has been some contraction due to 
the killing, both in protoplasts and in nuclei, but the contraction is relaliveh 
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, uid could not bring about the facts which have been observed Figures 
, 2 show the exact amount of plasmolysis due to killing and fixing 

.rthermore, I am unable to believe that the technique cmplored 
ponsible for the fusions. Using the same methods described in thi- 
1 killed at various times in the fall of 19,3 large amounts of Sphagnum 
study of the development of the archegonium. In no cases could be 
.1 the slightest trace of injury to the sex organ at any stage of its de 
,ment. No canal cells were ever observed in the venter, and only after 
. iisintegration of the canal row did any of the contents of the neck begin 
make their appearance in the venter. At a later time this di,sintegratcd 
iPer fills the venter with a slimy mucilaginous mass which makes the 
iJy of fertilization extremely difficult. 


Still more important evidence that the technique is not responsible for 
the lacts IS that It IS possible to demonstrate stages in the fusion of the proto- 
plasts and the nuclei. Not only that, but on a slide from a single head 
appear arcliegonia showing the following conditions: (i) Protoplasts of the 
ventral canal cell and the egg not in contact. (2) Protoplasts have fused 
but nuclei, while iu contact, are still separate and distinct, (3) Protoplasts 
and nuclei have fused completely. 

It seems hardly reasonable to believe Hiat the technique could bring 
about the appearance of these varying stages in a single head. 

Insofar as the writer is aware, the archegonium of Sphagnum is unitiue 
among the Musci in that it comes to maturity in the late fall, withstands 
the severity of winter, and the egg is fertilized in the early spring. It under- 
goes peat changes in temperature in the alternate freezing and thawing of 
certain winters; and when snow is absent and the temperature is low it is 
subject not only to freezing, but no doubt to considerable drying as wcdl. 
It may be that these severe external conditions furnish the stimulus which 
brings about the fusion of the protoplasts. 

As yet I am unable to make any statement in regard to the behavior 
of the fusion nucleus. Whether it may develop directly into a sporophyte, 
whether or not it is capable of being fcrtilizi^, and whether or not this 
fusion is peculiar only to the species here studied— all these questions must 
await further work. 


Summary 

1. The ventral canal cell of Sphagnum subsecundtim is regularly per- 
sistent, and variable in size. 

2. The protoplasts of ventral canal cell and egg round off and, the 
t'all between the two disintegrating, they lie near together in the venter of 
the archegonium. 

3 - In material killed in the latter part of December a number of cases of 
the fusion of these protoplasts have been found. 

4 - The fusion of the protoplasts is followed by the fusion of the nuclei. 

5 - Undoubted cases of the degeneration of the ventral canal cell have 
also been found. 
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6. Occasionally the egg may degenerate, while the protoplast i 
ventral canal cell remains functional. 

7. Further work is needed to determine how general this condit n jg 
in other species of Sphagnum, and to follow the history of the fusion nu ^^3 

Department of Botany, 

University of Wisconsin 
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EXPLANATION OF PLATES 

All figures were drawn at table level with the aid of a camera lucida, using Spencer 
ocular 10 X and 1.5 mm. oil immersion objective. Being reduced one half in reproduction, 
they show a magnification of approximately 1000 X. 

Plate XIV 

Fig, I. Ventral cell of an archegonium having eight neck canal cells. Peculiarly 
shaped plastids in the cytoplasm. 

Fig, 2. Ventral canal cell and egg still separated by a wall, showing the difference in 
size of the two nuclei. Contraction of the protoplasts is probably due in large part to 
plasmolysis. 

Fig. 3. Wall has disintegrated, protoplasts have rounded off and are lying in contact 
in the venter. Nuclei and protoplasts practically identical in size. 

Fig. 4. The two protoplasts in closer contact but outline of each distinct. Disin- 
tegrated material from canal row in contact with upper protoplast. 

Fig. 5. Protoplasts have completely fused. Nuclei in contact, but each distinct. 

Plate XV 

Fic. 6. The fusion of protoplasts and nuclei completed. Mucilaginous matter be- 
ginning to appear about the protoplast. 

Fig. 7. The disintegration of the ventral canal cell. Only a blurred mass remains. 
Fig. 8 . The rounded protoplasts. That of the ventral canal cell is smaller and has a 
smaller nucleus than the egg. 

Fig. 9. Protoplast of the ventral canal cell is larger and has a larger nucleus than the 
egg. 








THE GEOGRAPHICAL DISTRIBUTION OF NORTH 
DAKOTA PLANTS 

0. A. S'lEVENS 


rhe fact that North Dakota is only partially includtx! within the limits 
,1 by eastern and western manuals, and that its northern boundary is 
;i!,, 1 that of the United States, makes the composition and distribution of 
iis tiora a question of considerable interest. The present paper is offered as 
a iireliniinary analysis of our knowledge of the subject. It is based upon 
tiie records published by Bergman (3)1 and upon the writer's observations 
niHile during occasional visits to nearly all parts of the state in the years 
1910 to 1919. The number of vascular plants found within the state as 
listed by Bergman is 966. This is by a conservative limitation of species, 
l.iinell (8), using narrow specific limits, lists about 1,300. It is thus seen 
that the number is small as compared with that of other slates. This is 
probably due to a comparative lack of diversity of conditions, as there is 
no unexplored area which might add materially to the list. 

To a botanist unfamiliar with the plants west of the range of the eastern 
manuals, the first feature of interest is the western plants. To the writer 
it has always seemed that the most natural limit of the western forms is the 
Missouri River in the southern part of the state and a line continued across 
the state in the direction of its course there, which would be about longitude 
100° 30' to 101° 30'. A few of the western forms extend eastward as far as 
the Sheyenne River. A preliminary division into general groups according 
to rhe distribution of the plants in the state gave the following results: 


1 . Eastern; not west of Red River, Devdl’s Lake, or Tuitle Motintalns 25% 

n. Eastern; reaching the Missouri River 10% 

HI. Western; west of the Missouri River • . • n % 

IV. Western; extending east to the Sheyenne River 8% 

V. Cosmopolitan % 

VI. introduced 


These figures are somewhat unsatisfactory, especially as to the second 
group, this being not well separated from the first. There is an apparent 
lack of records from the southern two thirds of the state from Jamestown 
west to the Missouri River. It is evident, however, that the western ele- 
ment is comparatively small. A more critical study of some of the principal 
families and orders with regard to their North American distribution shows 
the following results when grouped as in the preceding list. Ihe number 
ef species included in eastern (10) and Rocky Mountain (4) manuals is 
^ The nomenclature and arrangement of bis work is followed in this paper. 
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added to show whether the families are better represented in the c,- 
in the west. 


Table i. North American range of North Dakota plants 



I 


III 

IV 

V 

VI 

Total 

1 

Ranunculaceae 

2 

6 

4 

o 

l6 

I 

29 

93 

Brassicaceae 

2 

I 

4 

I 

15 

23 

46 

102 

Scrophulariaceae 

2 

1 

2 

I 

15 

3 

24 

115 

Boraginaceae 

O 

I 

3 

I 

5 

5 

15 

49 

Lamiaceae . 

4 

o 

I 

0 

12 

4 

21 

119 

Rosaceae 

4 

4 

4 

5 

14 

1 

32 

214 

habactae 

6 

3 

7 

5 

20 

10 

51 

166 

A steraceae 

25 

7 

19 

2 

53 

12 

II8 

428 

Liliales 

8 

3 

5 

0 

12 

I 

29 

174 

Cyperaceae 

6 

2 

2 

I 

48 

0 

59 

333 

Poaceoe 

i8 

O 

10 

3 

64 

21 

116 

37 « 

Total 

77 

28 

6[ 

19 

274 

81 

540 


Percent 

‘ 4 _ 

5 _ 

11 

^ 

51 ‘ 

15 

— 



In table i, column I includes only the strictly eastern plants; such 
species as are found only in the eastern part of the state but occur in the 
western United States or Canada are placed in column V. Columns II 
and IV arc similarly affected. Various difficulties arise in such a compila- 
tion, chiefly through incomplete records. The statements of distribution 
as given in the manuals are frequently insufficient, and original or detailed 
records must be consulted. For general distribution chief reliance has been 
placed upon the statements of Rydberg (ii). 

The Western Plants 

These are quite conspicuous in early spring on the hills, where we find 
such plants as: Phlox Hoodii, Mertensia lanceolata, Viola Nuttallii, Oropkacn. 
caespitosa, Potentilla concinna, and Carex filifolia. In late spring and early 
summer are (ound: Paronychia sessilijiora, Eurotia lanata, Eriogynumfiavum, 
E. muUiceps, Chamaerhodos erecla, Thermopsis rhombifolia, Astragalus 
peclinatus, Pentslemon cristaius, P. angustifolius, and Oreocarya glomerata; 
on flats or gentle slopes below the hills, Musineon divaricatum and Lomatium 
Joeniculaceum. On bare clay buttes in the “Bad Lands” and adjacent 
territory, Pachylophus caespitosus and Chrysotkamnus graveolens are striking 
plants. The northern sides of many buttes are covered on the upper parts 
with Juniperus horizontalis, this being one of the plants which is absent in 
the eastern part of the state although it ranges to the Atlantic coast. ArU- 
misia cana is a conspicuous low shrub on the hillsides and flats below; this 
is the nearest approach to “sage-brush,” as A. tridentata has been collected 
only at one point (Medora). 

Some species are reported only from the extreme western part of the 
state, such as: 
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,'lphinum bicolor 
hxsaria didymocarpa 
‘anJeya pinnata 
ircobatus vermiculatus 
,hronia micrantha 
■ ilia congesta 
'hacelia leucophylla 
Jomalohus caespiiosus 


Kentrophyta monUina 
Sideranthis grimdelioides 
Pyrrocoma lanceolata 
Stenotus ortncrioides 
Townsevdia exscapa 
Cahchortus Nattallii 
Juniperus communis 
Juniperus scopulorjim 


, hers, as before noted, extend eastn-ard to tl,e Sheyenne vallev 
tl,„r:,,h less common eastward. Among these are: Viola Nattam. Atriplex 
Sm.yam thavmerhodos erecta, Astragalus racemosus. A. bisculZus 
loni'itmm foemculaceum, and Carex filifolia 

The western pknts belong to the great plains area, ranging chiefly from 
.Nebraska to Saskatchewan. A few, such as Cilia co,„estc, PenLeo,on 
snushfohus. Hedeo^ nana. Kentrophyta montana, and Pkraienia Pumih 
seem to have a rather limited range (Colorado. Wyoming, Utah) Manv 
exleiid as far south as New Mexico (see lists on later page), while the follow^ 
mg go west into the Pacific coast states: 


Ranunculus glaherrimus 
Delphimm bicolor 
Arahis Holboellii 
Atriplex confertifolm 
Navareltia minima 
AUocarya scopulorum 
PkaceUa leucophylla 
Mertensia hnceolalc 
Polentilla muUisecta 
Chamaerhodos erectci 
‘Lavauxia brachycarpa 


Rhus Irilobata 
Gaertneria acanihicarpa 
Erigeron ptmikis 
Pyrrocoma knceokta 
Artemisia cana 
Artemisia dracunculoides 
Artemisia tridentala 
Crepis occidenlalis 
Calochorlus Nuttallii 
Eriocoma cuspidate 
Poa Buckleyana 


Species found along the 
America are: 

Actaea spicaia 
Aquilegia canadensis 
Clematis virginiana 
Anemone quinquefolia (rare) 
i^hnispermum canadense 
Viola conspersa (rare) 
Caulophyllum thalictroides 
Sanguinaria canadensis 
^anthoxylum americanum 
Coryius americana 


not extending into western Nortli 

Leplandra lirginica (rare) 

Penlhorum sedoides 
Silphium perfoliaium 
Aster sagittijolius 
Allium iricocctim 
Uvularia perfolktei 
Uvularia grandiflora 
Trillium cernunm 
Festuca nutans 
Oryzopsis melanocarpa 


The Eastern Plants 
Red River and 
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Others which occur only in the eastern part of the state, rang 
through Canada or are found in the Rocky Mountain region of the , 
States. Such are: 


Anemone vir^iniana 
Impatiens bifiora 
Rkamnus alnifolia (rare) 
Heliopsis scabm 
Moldavica parviflora 
Lathyrus palnstris 
Lathyrus venosus 
Meibomia grandifiora 


Petasites sagitlata 
Vagnera racemosa 
Disporum trachycarpum 
Carex Deweyana 
ScolocUoa festucac^a 
Hystrix Hystrix 
Dryopteris cristata 
Malteucia Siruthiopteris 


''Vest 

ited 


Eastern Limits of Prairie Plants 
Many species common to the hills and higher prairie west of tlv' Red 
River valley extend eastward into the prairie region of western and south- 
western Minnesota. Upham (12) lists about 100 species which reach their 
eastern limits there. Most of these are common prairie plants in North 
Dakota, although absent from the lower ground of the valley or found only 


in certain places as upon old lake 
railroad grades. Such are: 
Malva:>lrum coccineum 
Asclepias speciosa 
Pentstemon albidits 
Cas title ja sessUiftora 
MerioUx serrulata 
Gaura coccinea 
Lepargyrea argentca 
Anogra pallida 
Lomatium orientaU 

Others, associated with these, 
asperum, Ehagmis argentea, and A 


beaches and introduced witn gra\ci on 

Cymopterus acaulis 
Guturrezia Saroihrae 
Ckrysopsis villosa 
Sideranthus spinulosus 
Brauneria angustifoUa 
Ratibida columnaris 
Gaillardia aristata 
Artemism frigida 

xur much farther east, as: 
er ptarmicoides. 


Life-Zone Distribution 

As shown by the map (fig. i), North Dakota lies almost entirely within 
the Transition Life Zone, the Canadian approaching closely on the nonti- 
east the Upper Austral* on the south and west. Of the Transition Zone, 
Merriam (9) has stated that it is “as a whole, characterized by compara- 
tively few distinctive animals and plants, but rather by the occurrence » 
gether of southern species which here find their northern limit, and northern 
species which here find their southern limit. 

= No attempt Is made in this paper to distinguish between a humid and an arid portion 
ot these zones. Sonoran as referred to on later pages is included in Upper Austral. 
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Canadian Zone Species 

Pham (12) has given a list of about 75 northern species which reach 
.outhern hm.t in the bas.n of the valley of the Red River of the Cth 
,nr\- few of these are known ?n Vr.».+k . ^'orrn, 



/one plants which occur in the state are found in the Turtle Mountains 
ami Pembina Mountains (as far south as Milton), these being outlying 
pmnts cut off from the body of the zone by a distance of too miles or more 
I He following species may be mentioned: 


Anemone Iludsoniana 
Corylus roslrata 
Geranium BicknelUi 
Poly gala Senega 
Pyrola asarifolia 
A Tctostaphylos Uva-u-rsi 


Oxytropis dcfiexns 
Mitella nmla 
Ribes triste 
Circaea alpina 
Lepargyrea canadensis 
Comits canadensis 


tar fourth provisional map (igio). ilr. Vernon Bailey, who lias read 

whirl, in a report on the mammals of North Dakota 
thr ('s ' ™”P*ofod, he has extended the Upper Austral limit to the mouth of 

v.ilkys”''™ ^ farther in the western 
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Corallorhiza multiflora 
Cintia latifolia 
Avena Torreyi 

It is noteworthy that most of these are plants of wide distribi, n 
North America except Oxytropis, Avena, and the three composite?, 
are western. Of the foregoing, Anemone, Pyrola, Avena, and Erigc ; i are 
recorded from Devil’s I^ke, the last-named only from there. 
touch of Canadian Zone plants is evident in deep ravine$ at Kathryn, vhcre 
Pyrola secunda, Corylus rostrata, and Circaea alpine have been found. 0.V3. 
tropis splendens occurs throughout the northern part of the state, hui. nr.t 
over 50 miles southward so far as known. 

Uri'EK Austral Species 

This zone reaches the borders of ihc state at three points, viz.: the 
valley of the Missouri River on the south and northwest and that of the 
Little Missouri on the southwest. Pentstemon grandifiorus is conimoa 
along the Missouri River at least as far as Mandan and up the Cannon 
Ball for some distance; Talinum parvifiorum, Enogynum annmm, Spf.tukrk 
perfoUata, Erigeron caespilosus, Leptilon divaricatum, Munroa squayrosa, 
Diplachne fasciailnris, and Pellaea atropurpurea are known only from the 
lower Missouri; Atriplex conjerlifolia, Sarcobutus vermiculatus, Abrojim 
micrantha, and Astragalus gracilis (Marmarth, Stevens in 1918), only from 
the Little Missouri. Clematis liguslicifolia, Psoralca lanceolata, A.^t(r 
pauciflorus, and Oryzopsis micrantha are known from the upper Missouri 
as well. (For further notes on austral species see under “Comparison with 
the Flora of New Mexico.”) 

A considerable representation of austral forms is found also in the 
southeastern part of the state whore the Sheyenne River turns northward, 
From here only is known Bouteloua hirsuta^ other noteworthy species aic: 
Pentstemon grandifiorus, Mimulus Geyeri, Bacopa rotundifolia, VerbenO' 
stricta, LythruW' alatum, and Cenchrus iribuloides. To this list Mr. Reynold 
Shunk added in 1917: Euonymus atropurpureus, Sicyos angulatiis, and 
Cyperus diandrus. 

Sand Dune Species 

Two small areas of drifting sand occur in the state, one at the locality 
last mentioned, the other near Towner. From these only arc recorded. 
Euphorbia Geyeri, Petalostemon viUosum, Lygodesmia rostrata,- Cypem 
Schiceinitzii, and Redfieldiafiexuosa. From near Towner "we have tydokma 
atriplicifolium and Andropogon HalUi which do not elsewhere in the state 
occur so far north. 

Records or Special Interest 

At Fargo there is a slight intermingling of northern and southern species. 
Lappula americana, which occurs there, must reach nearly its southeastern 
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Erigeron lonchophyllus 
Achillea tnultifiora 
Senecio eremuphilus 
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:n that region; it is reported as far as Nebraska (i,) a,,,! i 
m Minnesota for the first time in ,90, from farther north’ Z 
nmesota stde near hargo ts a colony of Pr/<,„7„ rvhirh ^oen 

l,c most southeastern po.nt known for that species. Pyrola cIlJZ 
lola conspena are found in the same piece of aspen woods, 
an austra spec.es has been fotmd in ,|uantity at W ild Rice whi. 
.rules farther south. Cellis occidemlis, which extends irregni u K- 
;• north, IS frequent at Fargo. ^ • 

Walhalla there is a typical butte, said by Willanl (,4) to be nerh ,ns 
the , r-ternnaost tn the Umted States. Upon this grow a nnnrber of pi;., s 
tvlrirli are otherwise found only in the western part of the st ile s, ch a- 
Erh-S'nm flavum, Artemisia cam, and Juniper m horiznnialis’ \n the 
woo, Is of the river near by occur a number of woodland plants which are 
known from no other locality in the state: ifiiella nmla, Rhamnus alnifolia 
and --Uamm acuminatum, w-hich are purely eastern species; also Cardamim 
peniisvlvamca. Fetasites sagiUata, Leptordm Loessrin, Caree IcMaka and 
Cmm latijoha, which also occur in western .\orth-.America. 

From Sentinel Butte and Medora only, is recorded Dasiptwra frttHcma 
This IS a Canadian to Arctic Zone plant of wide distribution and these 
stations are perhaps to be regarded as cut off from the Black Hills regio.i 
but it seems strange to find this plant where there is a prominent representa- 
tion of austral forms. Likewise. Junipcnis horicontalis, which is mainly 
a Canadian Zone species, is common on the billies and hills along ilie Mis- 
souri and westward. 

The distribution of the two species of lupine (Lupinus argeuleus and 
LpustUus) extends, as far as known, al.out to the southern limit of the 
glaciated area as indicated by Leonard (7). 


• I.NTRODucKP Species 

Of the introduced species, the abundance of Brassicaceae and Cheno- 
fxidiaceae (including such recent introductions as F.rmaslnim PnlUckii, 
lamehna dentata, and Axyris amanmhoides), and the scarciiy of Poly- 
gonaceae (Rumex spp. and Persicaria forms) and of Euphorbiaceae are 
aotewort^hy. Of Compositac, Carduus areensis and Sonchns arvensis are 
Dy lar the most important. 

The observations made by Upham (12) thirty years ago arc interesting 
in comparison with present conditions. He notes of Thhspi arceiise: 

eng established and very abundant in the vicinity of W'iimiix-g, recently 
wading into Minnesota and North Dakota." Of Taraxacum officinale; 

requent along roadsides, in pastures, etc., about Winnipeg and plentiful 
<1 t e west end of the main street in St. Vincent; generally rare or absent 
foug out the Red River Valley.” Both of these plants have since be- 
me particularly abundant in the valley. He also notes the absence of 
^ ^osia trifida (native weed) from the district about Langdon where it is 
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absent still. Sonchus arvensis he does not mention, it having bet. 
duced in Manitoba a few years later and being now common thro h the 
valley and spreading farther. 

Neslia paniculala and Camdina saliva seem to be restricted in , ;iy 
the northeastern two or three counties, Camdina dentaia being wio y Ji,;, 
tributed in flax. Certain Poaceae are especially abundant and itarac- 
teristic: Avena Jatua^ Hordeum jitbalum, and AgTOpyron repens. Cha . viiba 
glaiiea, C. viridis, Echinochloa crus-galli, and Panicunt capillare arc a.. i very 
abundant but perhaps less characteristic. Syntkerisma saBjirih;, hj if 
repeatedly introduced in southern-grown millet seed but has not bn n col- 
lected in the state even in adventive condition. Plantago kinceolihi has 
been collected a few times but apparently does not become establislkd, 

Co.MPARISON WITH THE BIOLOGICAL SURVEY REPORTS 

Considerable difiiculty has been found in trying to correlate the distrihn. 
tional data with those of previous publications dealing with life zones. The 
Rocky Mountain region has been described in considerable detail, but in 
the plains region, as noted by Cary (6), the zone limits are less well marked. 
Trees have been used to a great extent in indicating the boundary lines of 
the zones, and North Dakota is especially lacking in trees. 

Pimis scopulorum is mentioned by Cary (5) as "the characteristic 
Transition tree,” but in North Dakota it is found only on the hills in the 
extreme southwestern part of the state where the Austral Zone invades the 
river valleys. Populus tremuloides, according to the same author, "is 
perhaps the best characterizing tree of the Canadian Zone” in Wyommtt 
(6). He also mentions it as “restricted to the Canadian Zone” in Colorado, 
while Bailey (2) lists it lor the same in New Mexico, Apparently it is 
most abundant in this zone east of the mountains, but it is common through 
the Transition Zone and extends half way through the Upper Austral in flu: 
Mississippi Valley region. Quercus macrocarpa is noted as growing in the 
Transition Zone in Wyoming (6), hut in the Mississippi Valley region whore 
it is more abundant it extends from the Canadian southward well into the 
Lower Austral. 

Of the trees and shrulis listed by Cary as Upper Sonoran in Wyoming, 
at least Salix amygdaloides, S. fluviatilis, Atripkx argentea, Amorplm nanc.. 
and Gutierrezia Sarothrae are common in North Dakota Transition, while 
the same may be said of fully one fourth of the herbaceous plants. In 
the same paper Psoralea argophyUa is listed as Transition, although it I^ 
common on the plains through Upper Austral; Actaea rubra, 510^1'. 
ciliala, and Heracleum lanatum, listed as Canadian, are common in Xorili 
Dakota Transition. 
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Comparison with the Flora of Xfav Mexico 

,A- fact that Wooton and Standley (15) have indicated the zonal dis- 
,rii ion for practically all the species found in Xew Mexico has made it 
a,,: bic to examine the distribution of such Xorth Dakota plants as occur 
thci A tabulation shows that 418 of the 966 Xorth Dakota plants (43 3' - ) 
jr, , corded in New Mexico. Of these the distribution in the latler statVi's- 


Introduced 68 Transition 

Aquatic or not stated 42 Transition to Canadiiin . . ^ (,5 

[.ower Sonoran 3 Transition to lluilsonian. etc. 3 

I pper Sonoran 126 C^anadian or higher zones .. . ii 

Sonoran to Transition 73 


Of those listed here as Upper Sonoran, many range also in Lower 
Soncran, but only their northward distribution is considered here.) 

f ourteen of the Sonoran species have been mentioned in a prcrediiig 
paragraph as entering North Dakota at one or more of the three points 
where that zone touches the state. About three fourths of the number 
extend into Transition, and these it seems convenient to divitle into two 
groups. The following seem to extend only part way into Transilion 
(occasional over the area southwest of the Missouri or in the southern 
pjirt of the state east of that river): 


Myosurus minimus 
Polanisia trachysperma 
Euphorbia serpens 
pAiphorbia glyptosperma 
Euphorbia Geyeri 
Cydoloma atriplicifoUum 
Eurotia lanaia 
* Parietaria pennsylvanica 
Plantago Purshii 
A cerates viridifiora ■ 
Solanum rostratum 
Hedeoma nana 
Lupinus pusillus 
Parosela enneandra 
Strophostyles paucifiora 
Anogra albicatdis 
Opuntia fragilis 
Opuntia polycantha 
I va axillaris 


Gaertneria acanthicarpa 
Chrysolliamnus graveolens 
Stenotus armerioides 
To^i’nsendia exscapa 
Ilymenopappus filijolius 
Bahia oppositifolia 
Telranetiris acaulis 
Helianlhus petiolaris 
Tradescavlia occidentalis 
Yucca glatica 
Cyperus injlexus 
Cyperus Schweinitsii 
Scirpus americanus 
Carex filifolia 
A ndropogon Hallii 
Sorghastrum avenaceum 
Sporobolus crypUindrus 
Sporobolus asperifoUus 
Bulbilis dactyloides 


The following si^ecies of the Sonoran list extend through the greater 
part of Transition in North Dakota, most of them being common plants 
over a large part of the state; 
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Erysimum asperum 
Malvastrum coccineum 
Viola pedatifida 
A triplex kasiala 
A triplex argentea 
Amarantkus bUloides 
Allionia hirsuta 
Salix amygdaloides 
Salix interior 
Rumex persicarioides 
Polygonum lapathifolium 
Androsace occidentalis 
Solanum Irijiorum 
CasHlkja sessiliflora 
Ileliotropum spathulatum 
Lithospermum HnearifoUum 
Onosmodium occidentale 
Verbena hastata 
Lycopus lucidus 
Lycopus americaniis 
Amorpha cancscens 
Petalostemon purpureiim 
Astragalus crassicarpus 
Astragalus missouriensis 
Glycyrrhiza Upidota 
Vida sparsijiora 
Gaura coccinea 
MerioHx serrulaia 
Onagra pallida 


LomaUum orieniale 
Lacinaria punctata 
Grindelia squarrosa 
Sideranthus spinulosus 
Aster oblongifolius 
Aster Multifiorus 
Coreopsis tinctoria 
Bidens frondosa 
Artemisia frigida 
iMctuca ludoviciana 
Lygodesmia juncea 
Sagittaria atifolia 
Typha lalifolia 
Scirpus campestris 
Scirpus atrovirens 
EJeocharis Engelmannii 
Eleocharis palustris 
Carex gravida 
Andropogon ftircaius 
Panicum virgatum 
Stipa comata 
Slipa spartea 
Calamovilfa longifolia 
Schcdonnardus paniculatus 
Pkragmites Phragmites 
Disticklis spicata 
Puccinellia airoides 
Elymus Macounii 


Of the New Mexican species recorded for Transition the following an 
common also in the Upper Austral soulliward from North Dakota 
chiefly upon the writer’s knowledge of them in eastern Kansas) : 


Anemone canadensis 
Anemone cylindrica 
Oxalis violacea 
Urlica gracilis 
Sleironerna ciliatum 
Apocynum hypericifoUum 
Gratiola virginiana 
Ribes aureum 
Epilobinm adenocaulon 
I'pilobium lineare 
Samcida marylandica 


Washinglania longistylis 
Galium trijlorum 
Solidago missouriensis 
Solidago serolina 
IleUopsis scabra 
Carex lanuginosa 
Phalaris arundinacea 
Muhlenbergia mexicana 
Agrostis hyemaUs 
Sphenopholis obtusata 
Koeleria crislata 
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’(jfi pYdtensis FiMx fragUis 

‘anicularia nervata Rquisetum arvense 

he remaining few species to be mentioned may be tabulated as follows: 


Species in Xcw Mexico 

I', Ma serpens Lower Sonoran 

erylhrorhizos “ ■' 

vHM emerswn “ " 

/) v mm Irachycarpum Transition to Canadian 

vturea " “ “ 

Ci;,.. y-igroslis canadensis “ " “ 

p\r 'a secunda “ “ “ 

e//iptica “ “ “ 

eccrden/alis “ “ “ 

C/Hj/j:.7cnerion angusti/a/ium . . “ ” " 

J/riiji/erm hnalum “ “ “ 

Auifwace oeddeniaiis “ “ “ 

T'i^hrkin palusiris “ " “ 

Juiia/s longistylis “ '* “ 

Calothortus Nultallii ” " “ 

Rudbe.ckia laciniata " “ ” 

Vainera stellata “ " " 

Agroslis hyemalis ” “ “ 

Dasiphora fnilkosa Transition to Arctic Alpine 

Viola adunca Transition to Hudsonian 

Antvstaphylos Uva-ursi “ “ “ 

Oxylropis defexus Canadian 

Cinaea alpika “ 

Coraliorhiza mulUflora “ 

Ahine longifolia ‘‘ 

Paniadaria borealis " 

Agropyron Richardsonii “ 

Agropyron camnum Hudsonian 

Pyrola asarifolia Canadian to Hudsonian 

Oryzopsis asperifolia " " " 

P.ygadenus elegans “ “ “ 

Jumperus siberica " “ “ 

Iherochloe odorata Hudsonian to Arctic Alpine 

•ViRiCL'i.TUR-M. College, 

XuRTH Dakota. 


in Xrirtli Dakota 
Enters Transition slightly 

Common through Irajisition 
Scarcely Ixdow Canadian 
Somewhat into Transition 

In Transition locally 

Through Transition generally 


Reaches Austral limits 

Near .Austral limit only 
Through Transition anil Aus- 
tral farther south 
Tlirough Transition and Aus- 
tral farther south 
Through Transition and Aus- 
tral fartlicr south 
{.Voted under “ Records of 
Special Interest”) 

Agrees so far as it occurs 
Mainly Canadian 
Canadian 


Well through Transition 


Canadian 

W'ell through Transition 
Only in southwest at Austral 
limit 

Through Transition in eastern 
V. D. 
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, iNGEVITY of the seeds of CERI':ALS, clo\ eks, and 
TIMOTHY 

H. B. SiFroN 

This paper is the result of an investigation begun at the Sect! Branch, 
Op ova, in IQOO- The object was to detcrinine the longevity of some of 

,-ommon crop seeds when kept under favorable and uniform storage 
conditions. Samples of the cereal crops of 1900, 1901, and 1902, and of 
the clovers and timothy of 1902 and 1903, were collected. By working 
willi samples of all the standard varieties of the time, collected in successive 
vear.s from the same farmers, in representative parts of (.’anado, it was 
believed that valuable generalizations could be drawn. Four hundred and 
thirtv-eight samples in all were collected. Some of these proved to be too 
and were completely used up before the life of the seed was ended. 

^ sufficient number remain, however, to allow reliable averages to be ob- 
tained. 

The seeds were stored in cotton sacs or manila envelopes which were 
kept at ordinary room temperature in a galvanized iron chest with a lid. 
Once a year, in late summer, they were tested for germination. The 
records thus permit a comparison of their viability after various lengths of 
time in storage. The results of tests are recorded in the tables, to which 
reference will be made as each species is under consideration. 

The first results were recorded in 1903, so that in the case of seeds col- 
lected in 1900 and 1901 we do not know the percentage germination for the 
first years. In isolated cases, results of later tests are not available as is 
shown by gaps in the tables. In calculating averages they have in each 
case been recorded to the nearest whole number. 

\Vhe,\t 

Of spring wheat, forty-seven samples from the crop of 1900, sixty from 
that of igot , and sixty-three from that of 1902 were collected. They repre- 
sent fourteen varieties and were obtained directly from farmers and from 
the same stock in successive years, grown in representative localities in 
all the provinces of Canada. 

The curve in figure i is drawn from the average germination of all these 
samples for each year of their age. Practically all the kernels retain their 
vitality for the first five years. Then the weaker ones begin to die, and the 
curve gradually becomes steeper. More than 75 percent of the seeds lose 
their vitality between the ages of eleven and fifteen years, and about one 
half of these die in their 13th year. After the 13th year, the curve begins 
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t, Aten again. Its direction in the seventeenth year is practically parallel 
^ at in the tenth, and in the eighteenth and nineteenth >ears its direction 
-ponds with that in the fifth and sixth years. 

\ hcn an average sample of wheat is stored for a long period, this in- 
dgatlon shows that its depreciation is divided into three more or less 
ti net periods. During the first few years (ten or ele\i*ii on the average 
f, Mur Canadian samples), the weak grains gradually die. After this 
c. C3 the period when the seeds of average vitality (forming the bulk of the 
s„ pie) die very rapidly. A few seeds, very tenacious of life, are still 
It ; , and slowly lose their vitality during the 


1 jjeriod of about three years. 

U would be interesting for some one who 
has proper facilities at his disposal to raise 
plants from the seeds of these three divisions 
.sij.)arately, and determine whether there artt 
separate genotypes with different potvers of . 
resistance and whether their hardiness is trans- 
mitted to the plants which they produce and 
to their descendants. The work of Crocker 
and Groves (Proceedings of tlie National 
Academy of Sciences, March, 1915) tends to 
show that the loss of viability is due to the 
coagulation of the cell proteins, and if this is 
so it would be unnecessary to wait for years 
for the seeds to die at ordinary temperatures. 
Their vitality could be destroyed by carefully 
regulated heat after the manner used by these 
igvesdgators. 

The results so far considered have to do 
with total germination percentages as deter- 
niiiied by a ten-day test in a standard gerniin- 
ator at alternating temperatures of 20® C. to 
30° C. Unfortunately complete records of the 
preliminary four-day tests, which are believed 



to give an indication of the energy of genninalion, are not available. Records 
of these were kept after the tenth year, however, and are recorded on the 


graph by means of the dotted curve, which follows a course practically paral- 
lel to that of the main curve. During thesecoiul periorl of depreciation the 
preliminary count is from 6.5 to 8 percent lower than the final count. 
The energy of germination of a considerable portion of the seeds which are 
to die during the next year has been weakened. During the third period 
there is a smaller absolute difference between the two results, but a greater 


cojiiparative difference; i.e., of the seeds left alive after the end of the second 
Period, the greater proportion have lost most of their energy of germination. 
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During the first period, if records had been preser\'ed, there is no doul 
we should have found the preliminary and final counts approximating 1,,^^ 
closely. Although Crocker and Groves, in their work mentioned ;;; ,vp 
took no account of the depreciation of the seeds after 25 percent of the. had 
died, their results are in agreement with those here obtained. Thi ob- 
serve that age lowers the percentage germination and increases the ti; i re- 
quired for sprouting. 

Deviations from the average curve shown in figure i are found in -unie 
individual cases. An attempt was made to connect these with the nu i .)rf). 
logical conditions of the year and place of growth. No satisfactory rt.sults 
were obtained, as meteorological statistics for the exact localities -.vlicre 
samples were gathered had not been taken. 

The variations generally are of two kinds. In very strong sample s the 
tendency is for the first period to be longer, the second shorter, ami the 
division between them much sharper than in average cases. For example, 
of the Nova Scotia crop of 1902, of which eight samples were investigated 
(see table i) 96 percent germinated when twelve years old. After another 
year only 70 percent were alive, and in three more years llie germination was 
reduced to 9 percent — very slightly above the average for that age. In 
weaker samples the tendency is toward a flattening of the curve. The 
Prince Edward Island crop of 1900 and the Ontario crops of 1900 and 1901 
are examples of this. Extreme examples are to be seen in the North\ve.st 
Territories crop of 1901 and in the Quebec crop of 1900. 

No marked difference in longevity has been observed between different 
varieties. 

Oats 

One hundred and seventy-nine samples of oats were used — fifty-two 
from the 1900 crop, sixty-four from that of 1901, and 63 from that of 190.;. 
They include thirty varieties. 

Th ir longevity is much greater than that of wheat, possibly owing to 
the protection of the hulls. 41 percent of the ninctcen-year-old kernels 
are still alive. The longevity curve for the oats differs from that of wheat 
in two respects. The first period is longer, and the drop in the second period 
is not nearly so steep, i.e., the kernels live longer and there are more ^ aria- 
tions In their span of life. In the year 1900, conditions seem to have been 
less favorable for oats than the normal conditions. The vitality of samples 
gathered in this year falls off much more rapidly than is the case for 1901 
and 1902, and this circumstance makes the second division of the curve in 
figure 2 considerably steeper than it otherwise would have been. In some 
cases the 1900 oats start out with a high germination, but in a few jears 
they fall below the crops of other years. Compare for example the Manitoba 
crops of 1900 and 1902, as recorded in table 2. During the growing season 
of 1900 the temperature in general was higher than in 1902 when the 
strongest oats were produced. Slower growth due to low temperature may 



Table 2. Germittation of oats at different ages 
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have produced hardiness, or it is possible that owing to the warmer \^ 
of 1900 more seed was produced by weak strains of plants. 

^ The sample obtained from the Nor- 

Territories in 1900 germinated in vc:- 
proportions even when fresh. This is 
doubt to the fact that a cold wave 
over that part of the country in Augu>- 
in most parts the temperature was 
degrees below freezing at some timeo.: 
the ripening period. 

In the majority of cases there is a .'H-du: 
rise in the germination of oats during the- nr$t 
four or five years of storage. While it has 
been known for a long time that their germi- 
nation improved during the winter after har- 
vesting, I have seen no account of the contin- 
iiation of this improvement beyond the first , 
year. The rise is not found iji eveiy^ case, 
As a rule it is more pronounced in the poorer 
samples. There is one exception in the 
Northwest Territories crop for 190T, which 
germinated in rather low proportions after 
two years, and from then on showed a gradual 
decrease. 

The difiference between the final germina- 
tion (in 10 days) and the preliminary omut 
(in 4 days) increases witli increasing age. 

The tests were carried on at temperatures alternating between 30® C, 
in the daytime and 20*® C. at night. Later experience has proved that tho?c 
temperatures are not as satisfactory for northern grown oats as temperatures 
somewhat lower. 

Timothy 


Fig. 2 . Longevity curve for oats. 


Twenty-five samples of timothy were used for the investigation. Tweh e 
were raised in 1902 and thirteen in 1903. 

The curve for these is shown in figure 3. The seed begins to depreciate 
in value at once, and the life of the strongest kernels is comparatively short, 
The three periods of depreciation are not marked off so sharply from each 
other as in the case of hardier seeds. The germination begins to fall off 
rapidly after the seventh year, when it is 84 percent. By the twelfth year 
it is reduced to 1 1.5 percent, and after that the curve flattens again until 
at seventeen years of age the seed is practically all dead. 

No records of preliminary counts were kept until the tenth year, when 
only 54 percent of the seed was left alive, and such as are available are there- 
f ore of little or no value. 


1 AliLH 3. Germination of timothy at different ages 
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Alsike and Red Clover 


Twelve samples of each of these from the 1902 crop and twelvt^ 
in 1903 were used, and the tests were carried on at 18® to 20“ C. The ; 



Fig. 3. I.ongfivity cun’e for timothy. 



are shown in figures 4 and 5. The interesting thing about them is their 
regular decline from the first, making each curve, as far as it has yet gone, 
approach a straight line much more closely than in the case of any other 
crop studied. Both clovers have a larger proportion of long-lived seeds 
(over 15 years) than wheat, but from the standpoint of a practical seedsman 
their longevity is not nearly so great. After eleven years, wheat 011 the 
average still gcnniuales (o the extent of more than 85 percent, but eleven- 
year-old alsike or red clover seed germinates less than 40 percent. (This 
result is calculated from the curve. The actual germination obtained in 
the laboratory on eleven- and twclvc-ycar-old samples was much less, but 
the results of later and earlier tests make it evident that the percentages 
obtained in these two years were not correct.) 

The natural expectation would be that the curves for the clovers would 
be almost horizontal at the first owing to the gradual softening of ‘'hard 
seeds" with age, This, in the course of an experiment not yet ready for 
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;;,ation. has been prove<i to be true in alfalfa. The s;impk-s ((.ulaiiu'd 



a considerable proportion of “hard seeds/' and for a few years ihe germina- 
tion percentage increased as (hey lx*canie permeable. 

Seed I/AROwatory, 

Ott.awa, Casaixa 


ON THE ANATOMY OF CHENOPODIUM ALBUM I. 


Ernst F. Artschwager 


iN'TROnUCTION' 

The Chenopodiaceae and related families exhibit a most striking .iiiom. 
alous structure of the stem in that the annual secondary thickt iiinj.;: 
contain several circles of collateral vascular bundles of limited dcMlo]). 
ment which are embedded in lignified so-called “conjunctive tissue.” 

Ghcorghieff (i) in a series of publications gives a detailed review of 
the early literature on this subject. His own contributions, furthermore, 
comprise the most comprehensive study of the anatomy of the Chenopodj. 
aceae. He finds that the plants which he examined show greatly vmi 
forms, transitional in structure to many of the Centrospermae. 

Sanio (2) in 1863 gives the most complete ontogenetic study of members 
of the Chenopodiaceae. He attributes the anomalous structure of the 
stem to the activity of a periodically acting cambium which produces 
collateral vascular bandies and “conjunctive tissue.” At the conclusion 
of his work Sanio draws a comparison between the anomalous stem structure 
of the Chenopodiaceae and the stem structure of those monocotyledons 
which are characterized by growth in thickness. 

In his “Comparative Anatomy of the Phanerogams and Ferns,” De 
Bary (3) develops a tharry to acermnt for the rli verse forms of anomalous 
growth of the vascular tissue of Chenopodiaceae and related families. He 
makes four general classes. In the plants of the first greup, an extrafascir- 
ular cambium appears around the primary ring of leaf-trace bundles. 
This cambium remains permanently active and forms alternately on its 
inner side collateral vascular bundles and conjunctive (issue: on its outer 
face it forms a thin layer of phloem or none at all. The plants of the second 
type develop a ring of primary vascular bundles with normal cambium, 
The activity of the latter soon ceases, and on the outer face of the primar\‘ 
ring appear in centrifugal order a succession of cambia each of which forms 
a distinct ring of vascular bundles and intermediary ti.ssuc. Classes three 
and four are types intermediate between the first two. 

IVlnrot (4) points nut that the two modes of growth described by Dc 
Bary may be reduced to one type. The cambium in each case retains iis 
bipolarity, giving rise to xylem on the inside and phloem on the outside. 

Fron (5) subsequently states that the stem of Chenopodium album in- 
creases in diameter by the activity of a normal and pericyclic cambium, 
and that this cambium produces to the inside xylem and parenchyma and 
to the outside phloem tissue. 
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u-evcr, notwithstanding the comparatively large amount of work 

, „i the inner structure of the Chenopodiaceae, the origin of the in- 
,r r jry phloem, its relation to the cambium and to the xylem of the 
remained obscure. It was therefore the priiiiar>' object of ibis 
ogafion to study the relation of cambial activit)- to the deve1o])inent 
, anomalous growth. It was also hoped to extend our knowledge of 
tiK >iology of the vascular tissue, in particular that of the phloem. 

Material and Method.s 

r),c work was begun during the summer of 1919 at Ft. I-ewi.-^, Colorado, 
and was completed at the Department of Botan\', Cornell Universily. 
Mau rial taken from the field wa.s studied while fresh. It was fi)und most 
j^atid'actory to use unstained hand sections for both anatomical ami onto- 
gciu iic studies. This method has an obvious aiKantage over iiiost nuxitTii 
Uhoratory practice in that it permits the (‘xaminatioii of a large amount 
of material in all stages of development with the least exiK'iiditure of time. 
[Uil for the purpose of checking results and U>r use in nuiking photomicro- 
graphs, representative material was killed in l-lemining's weaker solution, 
emk’dded, some in parafiin, some ii^ cclloklin, s<‘ctione<l, and stained in 
tk usual manner. 

Anatomy 

A transverse section of a young sttun shows between pith and cortex 
a circle of separate bundles — the leaf traces. Their number varies, there 
king even in very young stems as many as twenty. 'I'lw. largest of these 
traces belong to the lower leaves, the smallest to the primordia of the leaves 
near the growing apex, 

•These primary leaf-trace bundles are collateral. T'hc phUwm in cross 
section is a compact oval or oblong mass of tissue (PI. XVl, A), buindcnl 
(xternally and laterally by parenchyma cells which, when still young, con- 
tain chloroplasts. The xylem also is definitely set off from the surrounding 
fundamental tissue. Its first-formed elements are scattered, and only the 
later formed metaxylem and the secondary elements show a definite ar- 
rangement in radial rows. In older sections we notice the development of 
an interfascicular cambium uniting individual le«f-tracc bundles of the 
primary cycle, and an extrafascicular cambium from which originates a 
series of collateral bundles and conjunctive tissue. This tissue later ligni- 
ks and, together with the xylem of the bundles, forms a compact woody 
lyliiicler in which appear emliedded small islands of phloem. The origin of 
this iiitraxylary phloem and of the conjunctive tissue, together with changes 
which take place when the tissues mature, will be discussed under the 
heading “Ontogeny/’ 

-\o true secondary phloem develops; the true phloem remains restricted 
to the bundles in a given cycle. A narrow band of pcricycle, sometimes 
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only a ring of fibers, separates the vascular cylinder from the cor- 
cortex itself is of only limited extent and rarely more than two to . .j- 
wide. The outer cortex is differentiated into collenchyma aiv 5,],,,^^ 
synthetic tissue. The former occupies the ridges of the stem \ ■[(. j], 
latter is found in the intervening spaces. The one-cellcd epiclei' 
two types: the epidermal cells external to the collenchyma are e 
and their tangential walls are thickened; those external to the 
thetic region are thin-walled and nearly isodiametric. 

The collenchyma cells are long, pointed, and thickened at thi 
only and communicate with one another by simple pits. The c rux 
pith are made up of thin-walled, loosely connected parenchynui celts ii, 
w'hich are often found druses of calcium oxalate (PI. XVII, B). 

Occupying the periphery of the vascular cylinder is a ring of !;hvr> tliv 
elements of which are of the usual type but vary in size and dianiciir t/ 
lumen. They are rarely completely united into a closed ring bur lailu-r 
form short bands one to several cells unde, lii places the cells of the 
elements of the vascular tissue abut directly on tlie libers; most ofun. 
ever, a narrow band of pcriryclic tissue intervenes. 

The elements of the vascular cylinder are in general of ad\'ance(l 
ledonary types. The frequent occuriciicc of transitional forms in xykni 
and intermediary tissue makes the study of lliis group of plants espicialK 
interesting. 

The xylem is made up of porous vessels, filxTs, and wood parencliyuni, 
the last named being vasiccnlric. The vessels are of two general type- 
(P). XVI, C). The large type, most coniinonly arranged in uniseri.in 
radial rows (PI. X\'l, B), is rectangular with end wails nearly tninsveo'., 
The small type of vessel shows less definite arrangement; it is more elon^iiui! 
and its end walls are always more, or less oblique. Tlu‘ walls of the ' 
are heavily pitted. The pits aie small, pi'iitagonal, and arranged in nliir- 
nate rows (PI. XVI, C, G). In the small type of vessel, however, the jiii- 
may not show the symmetrical form and regular arrangement. 

The fibers approach the lihriform type. The elements are long an-! 
pointed but comparatively thin-wvili(xl. The walls are but sparing) 
pitted. The longitudinal course of the ftlxrs is not absolutely straight in 
that the ends of the clmucnts diverge obliquely whereby they become panK 
interlocked, w'hich arrangement gives the w'ood an especially great tous^hin^? 

In the xylem of the leaf-trace bundles we find in addition to the typi- 
of elements just described the typical elements of the protoxykni viii. 
transition forms to the pitted vessels. The first formed elements of ilx 
protoxylem are narrow; the secondary thickenings of their walls an- of tb 
nature of loose spirals and wide rings (PI. XVI, £). Much protoxykni 
how'ever, is made up of larger elements with secondary thickenings in ila; 
form of close spirals. Gradually the arrangement of the. elements hccoino 
more definite. The type of element also changes, and instead of ckn- 
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,e now find elements with scalariform a„,l sometimes with retirnl 
\anous types of transitional forms are fouiKl l,e(we,m (he s„i'r,l 
, on the one hand ami the pitted vessel on the other The „ It, 
and of course the w,«l produce, I by the eamimim, „„K 

\essels. 


i C xylem, as we have learned, forms a compact wondv lA linder nude 
„p , a series of concentric, undulate zones of grow th (PI X\T B) e'l I 
,„H n turn being a circle of collateral vascular Immlles unite, l' uit’h'i'm,’ 
,„.,1 r by intermediary or conjunctive tissue. S..paratiiig each zone ol 
srenili 15 a tangential band of parenchymatous li,ss,ie of V.irviiig width 
X.irciv, or sometimes broad, bands of parenchyma traverse the vvlem in' 
radid -lirection. These bands usually connect railially the imii, iilu.nl zones 
,il itriiwth. Often, however, they pass through several zones, anil in (hosi 
closely resemble medullary rays. 

In cross section the cells of this conjmicdve ti.ssue appear like orilin ii\ 
pare.K'hyma, but in radial and tangential cuts- a gr.'al tarialion in hiriii 
nianilests itself. There arc groups of cells ma,l,. up of the common siib- 
Mitiiie hb,’r-a Iraeheidal element with simiilo pits. Other elements ol 
ihis tissue are comparatively short or even ismliamelric. MoriiliologiealK- 
then, this tissue is not hotnologoiis with ra.vs, though it may fimctioii a.s 
•iuch. 


li • 'l . ; 


The phloem is made up of three types of elements: the sieve tube llic 
rnmpaiiion cell, and the phloem parcnch> m.a. C'ontrarv to the omclusion 
nf earlier investtgators (1,4), the sieve tube is 
the principal clement of this tissue. The tubes i'jjil I 

iiirm longitudinal series (PI. XVI, D) with occa- |zf i I 

sional anastomosing of the elements of closely 
riiifiiected groups. On the whtilo, however, the I j./ | 
course of the phloem groups is radial-perpen- K'bHThrvWs, : 
iliciilar, with connections of the elements of the 
Sroups taking place only through the leaf gaps ,'■■■) 

I'lrined by the branching of the leaf-trace bumllcs ij j ^ f„-i, 

and their subsequent fusion, :‘j 

Ihe sieve tube is of medium size with an h i:! ; ■ ! 

aiiTage diameter of 14 The end wvills are i, i ■ ! 

usually .slightly oblique, which makes it difficult j; |.' i 

lo observe the .sieve plates in strictly transverse '' ' 
sections. There are no sieve plate.s in the radial '■ < 44 ii»i.- 

The latter, however, are extensivelv sieve 

PUt.d with the companion cells, which, as is 

upially the case, are connected by simple pits with the neijrhl>orinst; paren- 
nina cells of the conjunctive tissue. ]..iite In the season the plates of 
'lin siL\e tubes become coverefl with callus; this callus torniatioii is most 
Tn observed in the phloem of the primary bundles. 


Fig. I. Cheiwpodiuin (Ubttm: 
Diagraniiiiatic drawing of sieve 
tube an<l com}>anion cell. 
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Ontogeny 

Almost immediately below the growing point the procamhium ' 
distinct, forming a concentric hand of tissue between cortex ,ii 
At certain points in this procambium the primordia of vascular 
appear recognizable as such by the small size of the elements anti ! ji,,:,. 

granular content. The smallest primordia contain only elemeni, thr 
phloem. Slightly older groups also contain elements of the prtit' , .Ir,,, 
The first formed phloem cells are thin-walled, very narrow, and t .x- (|„, 
typical haematoxylin stain. Sieve tubes become distinct iti ii.iiunr 
sections only. The protoxylem elements are also narrow and of th.- 
spiral type (PI. XVI, £). The groups of phloem and xylem are n firn 
separated by undifferentiated procamhium. With enlargement (.( dn. 
group, a cambium develops which later initiates secondary growth. 

The procambium surrounding the strands of vascular tissue unrhigms 
active division, causing the primary bundles to become separatol ami 
initiating the formation of new bundles in the widening spaces. Tlnsr 
new bundles naturally do not extend so far into the pith (PI. X\ 11, I)., 
and, like the primary bundles, they increase in size through the activity nf 
a cambium. 

Gradually the procamhium cells between the vascular groups coast 
dividing. All the elements mature except a single layer which romtiins 
mcristematic, and which, as an interfascicular cambium, unites the sepnrati 
bundles into a vascular ring. This cambium layer appears at first iiiily 
between the larger groups, while later the smaller and more distant groups 
may also become united to form a part nf the primary cylinder. 

During the enlargement of the primary bundles an extrafascicular cam- 
bium .appears (PI. XVII, A, C) in the still undifferentiated procambiiim 
on the outer face of the primary bundles. This layer of meristeinaric 
cells is not formed simultaneously in a given circle, and as a consequetici:, 



Fig. z. Chenopodiiim album: Drawings illustrating the mode of origin of the inlraxylap’ 
phloem. A , transverse section of stem showing cambium cells dividing in different pl.vir>. 
forming eight cells which become the phloem of the vascular ring. B, transverse sxtitin ol 
stem showing the appearance of a new cambium in the parenchyma adjacent to the net' t 
[ormed ohloein groups. 
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nt parts of the ring arc found In different stages of tlovelop.nent 
„nd.ton resu ts m the format, on of an un.lulate circle of ca.nl, i, , ' 
cambium, cell d.v.s.on takes place only centripetallv, resulting 1„ ,| e 
aton of a cylinder of tissue consisting of alternate radial seg,„e„,s of 
, and of conjunctive tissue. The cells of this secondary vylen, ilu- 
vessels in particular, arc arranged in radial rows, .liifering therein 
The primary tissue in which the elements are without an,- ileli.iite 
'^ement. 

,i ttr a limited period of activity, certain areas in the cambiim, cliielK- 
:~,te the large primary bundles, undergo a change of function One 
IV, > cambium cells divide rapidly in different plan« forming from two 

Ticc to ten cells (fig, 2, 5; PI, XV'II, E, /■’). 



fiG. ,1. Chenopodium album: section of stem showing mature phtneni group. 

I tie .appearance of the new cambium segment above the gr«,p is belated. The camliiuni 
at cither side of the phloem group has divided very actively and has thus caused the plilocm 
to be completely embedded inxylem. (f, cambium; F, fibers; Ph, phloem; s.x.. steondary 
xylem.) ^ 

These cells become the phloem of the just-formed vascular ring. Wc thus 
a ring of xylem with segments of parenchymatous conjunctive tissue 
^^ith a number of separated phloem strands on the outside. Occasionally 
t poitions of cambium behaving in this manner are luit used up in this 
pfO( ess but may form a small amount of xylem toward the inside after the 
completion of phloem formation. These segments of cambium disappear, 
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as such, since they mature into vascular tissue. The ring of canil „ 
thus broken up. 

The cells of (he cambium which are not concerned with the fon ii,,„ 
of these phloem groups arc dividing very actively meanwhile, .so tli ih,, 
cambium ring becomes undulate, the phloem groups occupying the li i-a,. 
sions. Very soon after the initials of these phloem groups appear, a 
bium forms in the parenchyma adjacent to the outer face of thes(‘ . iip, 
(fig. 2, B). This new cambium becomes connected laterally with tin , i,,,. 
bium ring of the vascular cylinder. Sometimes the appearance of the-, me, 
cambium segments is belated, and not until the unequal activity - i il,e 
cambium ring has pnxluced the undulate appearance and the depri--ia,i, 
docs a cambium layer appear at the outer face of each new group (lig. y 
In such a case the cambium formalioii begins at the margin of the di'iin s- 
sion, advances laterally, and when united undergoes reciprocal tangi nb,,] 
division, thus giving rise to xylem and parenchyma which mature in tip, 
normal manner. 

The formation of new cambium iinlials which mature into groups ui 
[ihlocm completes the growth of a zone of thickening w'hich is succeeded 
by a new similar zone. The same process is rcircated, and thus arise die 
undulate zones of vascular tissue so characteristic of the members of the 
Chcnopodiaceae. 

Conclusions 


The study of the anatomical features of the vascular tissue of the stem 
in part confirms and in part modifies and extends the results obtained by 
earlier investigations. In the discussion of the histological features ol ilie 
phloem it was shown that sieve tubes and not phloem parenchyma make up 
the larger [Xirtion of that tissue, Wliy earlier investigations limit or 
deny their occurrence is hard to understand. Even Ghcorghieff in his 
detailed anatomical researches of the group simply states; Die PhluLiii- 
partie ist vorwiegend aus parenchymatischen Elemcnten 7 .usanimcnf;u- 
setzt. Siebrohren babe ich nur selten gefunden.” It must be admitted, 
however, that the elements of the phloem are comparatively small, and that 
the sieve tubes especially are narrow and easily mistaken for plasiua-ricli 


cambiform elements iinlecs staining reactions show the sieve plales oi tht 
callus deposits over the plates. The typical staining reaction of ihif 
substance is a further aid in identifying the sieve tubes. 


The elements making up the conjunctive tissue exhibit such a vaiim} 
in form and arrangement that they could not be conceived of as ray relb 
in the morphological sense. That they may function, however, as ra\ r 1- 
not at all unlikely. 

Above all, however, this study has shown that the anomalous gnnMh 
of the stem is produced by a periodically acting cambium which is pu' 
gressively renewed at places where new phloem groups originate, bi tK 
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lopment of each individual /.one of growth, tl,e xc l..„, of tho |,u„,lh. is 
ed first, Its formation being followed by a change in i],e u-iii ii, of 
oitial strand on the outer face of the cainhiu.n; from the aclive division 
lis strand the phloem is produced. There is little if any new xvlein 
, d to the vascular ring in those places where phloem initials origiinu. 

. iie xyleiii of the bundles, as has already Ix-en shown, is developed lief, ,n’ 
ol the phloem matures. The cambium then does not exhibit the uni 
u ity which De Bary claimed for the gi-«u|i to which a,c,wj,odi„„, alhun, 
ngs; it IS always biixdar in restricted regions in that it gives rise to 
mill tissue elements on either side. 


Summary 


I, The anomalous stem structure of ChawpadUun aWum is prnducid 
by a periodically active cambium which forms xylem ceiitripetally thiough- 
aiit its extent and phloem ccntrifugally in restricted regions. Where 
phloem is formed the cambium is "used up.”- The contiiuiitv of the eam- 
biiini ring is maintained by the formation of new iiortions outside the 
phlfK'tn groups. 

Ihe phloem of a .sccoiulary zone of growtii is |irotlticcd after till or 
niosl of the xylem has been formed. It is the normal product of flu- ciim- 
hiiim and only belated in its development. 

,T The intermediary or conjunctive tissue is not ray tissue in the morplio- 
liigical sense thougli it may function as such. 

4. The chief element of the phloem is tlie sieve tulx- with its coiiipimloii 
tell. Pliloem parenchyma is of only secondary imprirttincc. 

5. Ihe stem structure shows in its ontogeny a striking similarity l;i 
tilt structure of the root of tlic sugar ixet, a de\clopmciit<il stii<l\ of whicli 

contained in Dc Bary’s ^‘(.'oinparativu Anatomy. " 
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EXPLANATION OF PLATES 
Plate XVi 

A. Cross section of a large primary bundle showing arrangement of primary and 
5<Ton(iaiy xylem; position and extent of phloem groups. 

/C Cross section of part of mature stem showing undulate appearance of the zones of 
jxfuwLh, extent and position of the conjunctive tissue and the radial arrangement of the 
Wfgi,' vessels. 
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C. Longitudinal section of xylcm showing both types of vessel. 

D. Radial sectiou of stem showing size and longitudinal course of the phloem. 

R. Radial section of primary xylem showing spiral and ringed elements. 

F. Radial section of phloeni showing the sieve tubes with companion cells an 
parenchyma. 

G. Radial section of xylein showing (from left to right) fibers, vessels, and cor. - 
tissue. 

Pl^ATE XVfl 

A. Cross section of part of young stem showing the appearance of an extraf., icul^r 
cambium above a phloem group. 

B. Cross section of a more mature stem showing the same condition as in A. 
of calcium oxalate in cell of cortex. 

C. Scction'of primary bundles of stem. Above the bundles an extrafascicular t iiiiljium 
has developed which Is several rows wide. 

D. Cross section of young stem showing several primary bundles and the firsi /..-jnu t)f 
tliickcniiig. 

E. Section of vascular strand initial. Extrafascicular cambium has developed al)ove, 
the newly formed phloem group. 

F. Section through annual zone of growth showing the development of an initial slrand 
of phloem. 



Journal of Botany. 


Volume V|l. Plate XVI. 


AMf=ifCAN 



Artschwaoer : Anatomy ok Chkjnopodium Alr 





ATSt.-HWA<:KR; AxatO.MV OI-' (.'IIKNOI'OIMI M Ai.BUM- 




